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1.    Concentrations of substances of regulatory concern in ground
water at the end of active bioremediation will be less than the cleanup
goals established by the regulatory authorities.

2.    Concentrations of substances of regulatory concern in ground
water will not rise above the cleanup goals, within a prescribed pe-
riod of monitoring, after active bioremediation is concluded.

3.    The site owner will enjoy beneficial use of the property dur-
ing remediation and will be allowed to sell or transfer it when remediation
has been complete.

The following considerations have a direct bearing on the first
two requirements.

Can Any Oily-Phase Residual Support a Plume?

Monitoring wells can provide a misleading picture of the course
of bioremediation. Pumping, or seasonal changes in regional water
tables, can drop ground water elevations below the depth interval
occupied by oily-phase contaminants. Water produced by monitor-
ing wells may be clean, but contamination will return when pumping
stops or recharge raises the regional water table elevation. Changes
in the stage of nearby rivers or lakes, combined with seasonal varia-
tions in recharge, may alter the slope of the water table (hydraulic
gradient), which will change the trajectory of the plume of contami-
nation. Plumes may actually move away from monitoring wells un-
der these conditions, then return to them later.

To supplement data from monitoring wells, many regulatory au-
thorities require a measure of residual oily-phase material left after
bioremediation. Cleanup goals are usually set with the conservative
assumption that the relative composition of oily-phase material does
not change during remediation. As a result, concentrations of oily-
phase material that are determined to be protective of ground water
quality are low, on the order of 10 to 100 mg total petroleum hydro-
carbon per kilogram of aquifer material (Bell, 1990).

Bioremediation, particularly innovative bioremediation that uses
an electron acceptor other than oxygen, can remove the compounds
of regulatory concern from the subsurface while leaving significant
amounts of oily-phase hydrocarbons. The issue is whether any re-
sidual oily-phase hydrocarbon is capable of producing a plume of
contamination at concentrations that exceed the cleanup goal.

The JP-4 bioremediation demonstration at Traverse City, Michi-
gan, was used to evaluate the importance of partitioning of contami-
nants between ground water and residual oily material. The concen-